Introduction
With the development of the vacuum-tube microvoltmeter by Burr, Lane, and Nims4 and the elimination of many sources of error in the determination of bioelectric potentials, a new impetus has been given to the study of the direct current potential gradient of living organisms. Earlier investigators, as well as those of the last year or so, have assumed some causal relationship between the potentials observed and some biological or chemical process such as metabolism, hydrogen ion shifts in local or generalized areas, muscular or neural activity, alterations of hormonal levels, growth involving mitotic activity, etc. Changes in potential have been observed during ovulation in the rabbit (Burr, Hill, and Allen'; Reboul, Friedgood, and Davis'") and in the cat (Greulich and Hill9) , during the growth of chick and amblystoma embryos (Burr and Hovland2 3) , during the development of cancer in mice (Burr, Smith, and Strong7' 8) , associated with menstruation and ovulation in women (Burr and Musselman5; Burr, Musselman, Barton, and Kelly6), and in the cestrus cycle and with the injection of theelin in rats (Rogers"' 12) . With the exception of the last-mentioned study, experiments have dealt with phenomena produced by the animal itself, and it has not been possible to proceed very far with an analysis of the specific factors which might have been instrumental in producing potential changes. It seemed advisable, therefore, to produce experimentally certain changes in the organism in order to isolate those factors which might be responsible for the shifts of potential. Before any reliable conclusions could be drawn, however, it would be necessary to determine the range and constancy of the base-line of a normal unanesthetized animal. This paper reports the study of such a base-line.
Materials and Methods
The apparatus consists of the Burr-Lane microvoltmeter interposed in a circuit between a pair of silver-silver chloride electrodes and a galvanometer operating a photoelectric recorder. The animals used were mice generously given to us by Dr. L. C. Strong from his colony. They were fastened, ventral side down, to a cork-board by means of strings tied around the legs. The hair over the back of the head and neck and over the sacrum was clipped and the skin underneath was thoroughly moistened with saline. These moistened areas were then connected with the silver-silver chloride electrodes by means of two salt-bridges contained in glass tubes. The glass tubes were so adjusted that no appreciable weight rested on the animal.
The mice were of two strains listed by Strong'3 14, 15, 160 17 as CBA and C3H. Both strains were equally inbred. The significant data we have concerning these animals deal with their general biological uniformity. The CBA group is relatively resistant to tumor formation, but in spite of this develops a great variety of tumor types. The C3H strain is more susceptible to tumor yet produces only a restricted number of types. It is the opinion of Strong that the C3H's are not only in this but in many other ways biologically more uniform. There were 16 CBA animals used-I 1 males, 4 females, 1 sex unknown-and 9 C3H animals, all of which were males. All of the animals used were relatively young-67 to 246 days oldcorresponding to the youngest group investigated by Burr, Smith, and Strong.7 8 The procedure in each case was to fasten the animal to the board, connect the electrodes to the nape of the neck and dorsum of the sacrum by saline bridges, and take continuous records with the photoelectric recorder for periods of from 10 to 90 minutes. Certain of the subj ects were tested several times on subsequent days so that for some of them as many as 4 or 5 records were obtained. From the 9 C3H mice 23 readings were made and from the 16 CBA mice there were 34 records, making a total of 57 observations.
Results

Mean and Distribution of Potentials
The essential data from the 57 experiments are shown in Table I under the headings strain, sex, age, and potentials. For purposes of analysis the potential readings in millivolts at the beginning and at 1 0-minute intervals thereafter are here listed as abstracted from continuous records. The plus (+) sign indicates that the neck potential was positive to that of the sacrum, the minus (-) sign that it was negative to the sacrum, hereafter referred to as head positive and head negative, respectively. The averages of the potentials at the beginning of each experiment and at the end of each 1 0-minute interval are shown in Table II . shown in Fig. 1 , and the percentages of cases included within a range of + 2 to + 1 0 mv. of the beginning mean are given in Table III . It may be seen that initially 80 per cent were within + 6 mv. of the mean, i.e., within a range extending from + 8 to -4 mv., and 96 per cent were within + 10 mv. of the mean. The extremes ranged from + 12 to -16 mv., a total spread of 28 millivolts. Of the 57 cases, 42 or 74 per cent were head positive, 13 cases or 23 per cent were head negative, and 2 cases or 3 per cent showed no potential difference. It becomes apparent from Table III that over a period of time the spread increased. For example, the percentage of cases included within a range of + 10 mv. decreased from 96 per cent at the beginning to 78 per cent in 40 minutes. The rate of change was not uniform; the spread increased fairly rapidly for the first 20 minutes, and much more slowly thereafter. The small number of cases examined for longer than 40 minutes throws doubt on the reliability of the data beyond that point.
Change of Potential wsith Time
The actual changes that took place during the 10-minute intervals can be computed in either of two ways; (1) as a tendency to become more head positive or more head negative, recorded as + and -values respectively; (2) as an increase or decrease in actual e.m.f. without regard to the head positive or negative direction. Thus an original potential of head negative 16 (-16) mv. which changed to -23 mv. should be recorded in the first instance as a change of -7, i.e., 7 mv. more head negative, and in the second instance as + 7 since the actual e.m.f. had increased. For changes from an initial head positive potential the two values would be the same, i.e., a change from + S to + 6 mv. should be recorded as + 1 in either case. In Table IV are given the results of computing the average changes from the initial readings by both methods. Since the number of animals in these various time groups is not always the same, it might be thought that the averages would be significantly different from those obtained by considering a single limited group of animals throughout the entire period. This, how-ever, is not the case. The averages for the 23 animals examined for a period of 40 minutes are not fundamentally different from those given above.
If the individual records (Table I ) are examined to determine the nature of the change in particular cases, it is found by comparing the potential differences at the end of 30 minutes with those at the beginning of the period of observation that 8 of the 41 cases (20 per cent) remained unchanged, 21 (51 per cent) increased, and 12 (29 per cent) decreased in value. The amount of the change in individual cases is best seen by analysis of the data at the 20 and 40-minute periods (Table V) . Fifty-one per cent of the cases re- mained unchanged, or altered within a range of + 2 mv. in the first 20 minutes, and 70 per cent showed the same small variation in the second 20-minute period. Studied in another way, it is found that the actual amount of change in the second 20-minute period was less than that in the first 20 minutes in 48 per cent of the cases, equal to it in 39 per cent, and greater than it in only 13 per cent. A definite tendency toward stability is found, therefore, after the first 20 minutes of observation.
Comparison of Potentials from Repeated Readings
Records from repeated experiments on the same animal were obtained from 6 CBA and 8 C3H mice, 5 having 2 readings, 1 having 3, 7 having 4, and 1 having 5, a total of 46 observation periods. In order to determine whether successive readings on the same animal show any more agreement than do single readings on different individuals, the following procedure was adopted. The mean of the initial readings for each of the 14 animals in this series was determined and the distribution for each animal was plotted from its own mean. The totals of these 46 records are given in Table VI. If  this table is compared with the distribution of the beginning readings for all the 57 animals studied, measured from the average of the total group (Table III , column 1), it will be poted that the spread of the repeated readings is only slightly less than is the spread of the total group. In other words, it would appear that the agreement of successive readings on the same animal is not significantly greater than that between different animals.
The direction and degree of the change of potential is not necessarily constant in repeated readings, so that, in general, the longer the period of observation the greater is the difference between the recorded potentials. Conversely, the successive records of any one animal are in greatest agreement at the beginning of the period of observation.
Age, Sex, and Strain Some of the factors which might influence the base-line potentials are age, sex, and genetic strain. In this series the factor of age can be ignored because the animals are all relatively young, falling within the first third of the life span. If, moreover, they be divided according to age into 3 sub-groups, under 100 days, 100 to 200 days, and 200 to 300 days, there is found no correlation between age and initial potentials in these sub-groups.
The factor of sex cannot be discussed adequately here, for males were selected almost entirely in order to avoid any possible complicating influence of potential changes due to cestrus (Burr, Hill, and Allen'; Rogers", 12). The average, however, of the beginning potentials of the 4 females (CBA) for which we have records is identical with that of the males of the same strain.
The factor of genetic strain seems to be of considerable importance. The points to be considered are the mean potentials, the dis-tribution, the change with time, and the consistency of the repeated readings. Only males from the two groups will be considered. Table VIII ). The CBA group shows a marked augmentation of potential with time while the C3H group changes much less. When the consistency of successive readings is calculated according to the method previously described (p. 71) the results may be recorded as in Table IX . It is readily seen that the CBA's are more Tables IX and VII. In the C3H's this is not the case. The explanation of the failure of the C3H's to be more consistent with themselves than with the strain may be that the strain itself is so homogeneous. The CBA's, on the other hand, are so diversified that it is not surprising to find the successive readings of an individual animal more restricted than is the distribution of the total strain. Discussion The mean initial electrical potential of the 57 readings of the total group of the CBA and C3H strains of mice was head positive 2.1 mv. with 80 per cent of the cases included within + 6 mv. and 96 per cent within + 10 mv. of this mean. It would appear, therefore, that for an initial potential reading, taken under the conditions of this experiment, to be considered in any sense abnormal or pathological, it should exceed + 12 or -8 millivolts.
The factors producing this basic potential in normal unanesthetized mice under restraint are as yet unknown, and little can be added to that already urged by other authors (Burr and Hovland2 3; Burr, Smith, and Strong7 8). The polarity of most of the animals in this series was head positive, while in the reports of Burr, Smith, and Strong the more cephalic portion of the mouse was usually negative. We are unable at present to explain this difference, but three points are worthy of consideration in this connection. First, the axial readings in their experiments were taken from the ventral surface of the body while ours were taken from the dorsal surface. This reversal of polarity may be the natural consequence of a dorsoventral gradient. Careful explorations of all parts of the body are needed to determine this point. Second, the mice studied by Burr, Smith, and Strong were under anesthesia while ours were not.
IJnpublished experiments made by us have suggested that anesthetics may exert some influence on the electrical potential of the mouse. Third, females were used exclusively in their studies while we used males almost entirely.
There is no convincing evidence from which to determine whether the change of electrical potential with, time found in the majority of the animals is to be considered as an augmentation and diminution of total e.m.f. or as a primary tendency towards change of polarity. The former conception gives a more consistent formulation (Table IV, method 2) which corresponds more closely with the records of individual animals and is, therefore, probably to be preferred. It is unlikely that the changes in electrical potential are part of an individual cyclic variation, for in large numbers of animals any augmentation would be balanced by a diminution and no terminal increase or decrease would result. In those animals that are unstable from the beginning, a definite tendency towards stability is apparent after the first 20 minutes of observation. In repeated tests on the same animal the direction of change was not always constant; the potential might progressively increase on one occasion and progressively diminish on the next. The explanation of this change with time is not apparent to us. One of the factors influencing it may possibly be the restraint to which the unanesthetized animals were subjected. A similar study of curarized animals might throw some light on this point. Because of the changes of potential with time, as noted above, the amount of agreement between successive readings on any one animal tends to be greater at the beginning of the period of observation than after a lapse of time. The initial readings which correspond to the spot determinations of other observers are thus found to be relatively valid for comparative studies. For the interpretation of the results of experimental procedures, however, a base-line must be established. It has been indicated above that an initially stable base-line tends to remain so, while an initially changing baseline shows some tendency to become stable after approximately 20 minutes.
Within the limited age group which we have studied, the factor of age was of no importance in determining electrical potential. The number of females in our series is too small to allow any conclusions to be drawn regarding sex differences. Of particular interest, however, is the apparent difference between the two strains of mice studied. Although the means of the initial potentials of the CBA (+ 1.96 mv.) and the C3H (+ 2.4 mv.) groups are not significantly different, the former strain shows a greater scatter of initial readings (Figs. 2, 3 ; Table VII), a greater tendency to change with time (Table VIII) , and a greater variability on repeated readings (Table IX) . When it is recalled that the C3H strain is in other ways biologically more uniform than is the CBA, it is seen that the greater consistency of the electrical potentials of the C3H strain may be highly significant.
Summary
Base-line bioelectric potentials were determined on a series of 25 young, normal, unanesthetized mice, chiefly males, for periods ranging from 10 to 90 minutes. Repeated readings on some animals brought the total number of records to 57. From these experiments it is concluded that:
1. The mean initial potential was head positive 2.1 mv., with 96 per cent of the cases induded within + 10 mv. of the mean.
2. There is a definite tendency for the potentials to increase in value during the first 20 minutes of observation, after which time they become more stable.
3. Initial or spot readings appear to be relatively valid for comparisons between groups of animals, but a base-line should be established when one wishes to determine the effect of an experimental procedure.
4. In the total group the agreement of successive readings on the same animals is only slightly, and probably not-significantly, greater than that between different animals.
5. There is an apparent definite difference between the two strains of mice tested. The CBA strain showed a greater scatter of initial readings, a greater tendency to change with time, and a greater variability on repeated readings than did the more biologically homogeneous C3H strain.
